Introduction

37
Building Information Modeling (BIM), as defined by Eastman et al (2011) , is one of the It was suggested by Ghosh (2004) which is the same equation adopted by previous or ongoing studies from Kometa and 198 Olomolaive (1994), Tam value would indicate a higher significance or importance.
206
(2) Cronbach's alpha was adopted as the tool to measure the internal consistency of items 
256
Regional coverage of the survey in China
257
BIM implementation in projects remain relatively rare in mainland China (Cao et al., 2016) . 
293
Survey participants were also asked of the major BIM software tools adopted in their 294 professional work. The multiple-choice question is summarized in Fig. 3 .
295
It is indicated from Fig.3 that Autodesk (e.g., Revit) was the dominating BIM authoring tool 296 adopted. Close to 90% of respondents claimed having used Autodesk, much higher than the 297 adoption rate of Bentley or other BIM software developers. Respondents that selected "others" 298 specified tools used, mainly including software tools from domestic developers, such as 299 Glondon and Luban. Around 10% of respondents reported having never adopted BIM tools. etc. Based on the numerical value ranking, with "1" being least important, "3" indicating 305 neutral, and "5" standing for most important, the statistical analysis is summarized in Table 1 .
306
Survey participants were also provided with the extra option of "N/A" if unable to answer the 307 given item due to lack of knowledge. Eight items following the RII score ranking are listed in 308 Table 1 .
309
The Cronbach's alpha at 0.921 indicated a relatively high internal consistency of 310 participants' view on these BIM investment areas. The item-total correlation value displayed 311 in Table 1 measured the correlation between the target item and the aggregate score of the 312 remaining items. For example, the item-total correlation value at 0.701 for I1 in Table 1 313 indicated fairly positive and strong relationship between item I1 and the rest seven items. All 314 these relatively high item-total correlation values in Table 1 showed the changed Cronbach's alpha value if the given item was removed from this section.
318
All values lower than the original one at 0.921 indicated that each of the eight items positively 319 contributed to the internal consistency. Table 1 were all related to collaboration. This 327 conveyed the information to stake holders that investing on solving BIM collaboration issues 328 within the context of existing BIM standards, with project partners, and technical support to 329 enhance the software interoperability would be the priority. In contrast, BIM training, 330 development of BIM digital libraries, and updates of hardware were ranked lower in Table 1 .
331
The overall sample was also divided into subgroups according to the profession and BIM 332 experience levels defined in Fig.2 . Table 2 demonstrated the ANOVA analysis on these eight 333 BIM investment area related items among subgroups.
334
The overall mean value above or close to 4.0 indicated that the six areas (i.e., I1 to I6 in 335 Table 1 and Table 2 ) were considered more important in BIM investment. All p values above 
Returns from BIM Application
339
Survey participants were asked of their recognitions of returns from BIM investment and 340 application. Various potential or achieved returns from BIM investment were evaluated by survey participants, with "1" being strongly disagree, "3" being neutral, "5" being strongly 342 agree, and the extra option of "N/A" was given to those with little knowledge on it. The internal 343 consistency analysis is summarized in Table 3 .
344
It is seen in Table 3 Table 3 are lower than the original value indicated 385 that all the 13 items contributed to the internal consistency. Though overall survey participants 386 who chose a score for one item in Table 4 tended to assign a similar score to another one, the 387 item-total correlation coefficients suggested that R1, R12, and R13 had relatively weaker 388 correlation with the remaining items. It could be inferred that a respondent who scored these 389 remaining items was more likely to provide a different score on R1, R12, and R13. Generally, 390 the return of BIM in enhancing multiparty communication was more likely to be assigned with a higher Likert scale score than other items related to returns from BIM application. A 392 respondent was prone to score lower in BIM's impacts on project planning and recruiting
393
/retaining employees compared to other items.
394
Subgroup differences are analyzed and summarized in Table 4 
407
The p value lower than 0.05 suggested significant differences among subgroups' 
Ways to improve BIM returns
438
Based on these recognitions of returns brought from BIM as listed in Table 4 , a further 439 Likert-scale question was carried to gain perceptions of survey participants on how to optimize 440 BIM returns, with "1" being least important, "3" standing for neutral, and "5" representing most important. 
443
The overall Cronbach's alpha value at 0.943 indicated a high degree of internal consistency 444 of respondents on all these 15 items related to suggested ways to enhance BIM returns. All 445 these Cronbach's alpha values lower than 0.943 after removing any one of these items in Table   446 5 suggested that every item contributed to the overall internal consistency. The comparatively 447 high item-total correlation in Table 5 also indicated that respondents tended to assign similar 
476
A further ANOVA approach was adopted to explore potential subgroup differences in 477 perceptions towards ways to enhance BIM returns. Table 6 lists the results from ANOVA.
478
All p values higher than 0.05 in Table 6 demonstrated that survey participants had The percentages of survey participants that selected each risk within these defined categories 487 are presented in Fig.4 .
488
The major risks identified by survey participants included T1 (i.e., incapability of BIM influence on project management and work flow was a concern from this survey sample.
504
Finally, it was believed that a well-established standard would be a key issue for successful 505 BIM implementation.
506
When encouraged to list further risks encountered in BIM implementation, respondents' 507 feedback mainly focused on the insufficient collaboration among project parties, lack of BIM 508 culture, interoperability among BIM tools, and lack of profit sharing agreement among multiple 509 parties. Among these further identified risks from survey participants, lack of collaboration 510 among project participants was again the most frequently mentioned fact.
511
Subgroup perceptions towards BIM risks were analyzed adopting Chi-Square analysis. 
Summary and Discussion
529
Review of previous BIM implementation related studies crossing countries revealed 530 insufficient investigations conducted in developing AEC markets (e.g., China and India) 531 compared to more developed counterparts (e.g., U.S and U.K). There was also a need on capacities rather than solely rely on subcontracted BIM services such as modeling.
577
Major risks in BIM implementation were identified, the most frequently selected risks 578 being lack of BIM industry standards and the AEC firms' transition of management pattern,
579
followed by lack of BIM-skilled employees, high cost of short-term investment, adjustments 580 in business procedure, and incapacity of BIM software. Analysis of subgroup difference 581 released that perceptions of survey sample towards these risks were independent of their job 582 profession. However, those without previous BIM experience were more likely to 583 underestimate the problems within BIM software capacity. Table 2 . ANOVA analysis of subgroup differences towards BIM investment-related items. Table 6 . ANOVA analysis of subgroup differences on ways to enhance returns from BIM 
